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ON THE DECOMPOSITION OF POTASH FELSPAR 


The supply of fertilizers which contain soluble potassium salts is of the highest 
degree of importance to efficient agriculture. However, the potassium salt deposits 
of the world are located in areas which are very restricted geographically. Like all 
the pre-Cambrian countries, Finland is void of them, and consequently we are en- 
tirely dependent upon imports. Nevertheless, in the pre-Cambrian regions specifical- 
ly, potash felspar is a practically limitless source of potassium, provided that the 
felspar can be made soluble in an economical way. For more than one hundred years, 
efforts have been made to solve this question but so far little succes has been 
achieved. The felspar can be made soluble, but the methods are either too expensive 
or otherwise not suitable for practical use. 

As far as the earlier experiments carried out in Finland are concerned, those made 
by Aschan (1912, 1) should first be mentioned For the decomposition, he made use 
of chlorine bearing substances, e g. a mixture of calcium oxide and sodium chloride. 
By using 1.06 g CaO and 0.8 g NaCl per gram of felspar, heating the mixture to 
900° .. 1000°C and passing water-vapour into it, he was able in the best instances to 
make 81.5 % of the potassium soluble in water. The result was poorer when larger 
quantities were employed, e.g. 10 g felspar. Aschan also experimented with the 
melting of a mixture of anhydrous calcium chloride and felspar. The solubility per- 
centage then rose to 90 - 100, but only when such small quantities as 1 g felspar were 
used. With ten times the amount, the percentage was as low as 49 % . 

Tomula (1938, 2) used calcium chloride, or a mixture of this and calcium 
oxide for the decomposition. He carried out his experiments in a revolving furnace 
in which he heated the mixture for 1-- 4 hours at 600-- 700°C at the same time 
introducing moist HCl vapours by passing a current of carbon dioxide and air through 
a boiling concentrated hydrochloric acid solution. According to Tomula, the 
decisive factor here is that chlorine is formed which is in statu nascendi active, and 
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consequently has a decomposing effect upon felspar. Below is a table showing the 
results when a quantity of 10 g felspar was used. 


CaCly - g % water -solubility of 


45.13 
48.85 
50.16 
54.36 
49.16 


an WO 


In the second part of his investigation, Tomula paid special attention to which 
gaseous substances were formed when potash-felspar and calcium chloride reacted 
with each other. The following table, from which some information about the 
composition of the gases has been omitted, shows the main results of the experiments. 


Cl in mg 


- fel 
a corresponding to the CaCl, used 


% water- solubility of K,O 


100 355.1 72.5 
200 352.9 69.8 
300 352.9 54.0 
400 352.9 48.1 
500 352.9 40.8 


Here a solubility of 72.5% nas been achieved by the employment of 100 mg of 
felspar, but it is worth noticing that the ratio felspar: calcium chloride (1:5.6) is very 
unfavourable. If this ratio is improved, the solubility decreases. When in corre- 
sponding experiments 3 mg MnCl, was used in addition to the amount of CaCl 
already mentioned, the solubility rose to 93.65%. He obtained 71.62 % of water- 
soluble K,O when 1 g felspar was used, but the heating time vas then 5 hours. 

Amongst other attempts to decompose felspar, some typical examples might be 
mentioned: 

According to Raver (1921, 4) the ash of plants may be used for the decomposi- 
tion, by heating it with felspar to 800°. 1000°, and at the same time passing air 
and carbon dioxide into it. 

Hirota (1921, 5) decomposed felspar by heating it with NagCOg in red heat for 
c.1 hour, and after that for a further 1.5 hours at 100°C with sulphuric acid (20 %). 
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Berge (1927, 6) states that it is possible to make the potassium of felspar water - 
soluble by heating it with H3BO3, whereby K is converted into a borate. By treating 
the product with dilute nitric acid it can be converted into a nitrate and the boric 
acid liberated. 

Blackmore (1920, 7) decomposed felspar with Alo (SiFg)3  NagSiFg and 
(NH4)9SiFg. The temperature used was 175°C but the pressure was 200 lbs4q in or 
14 kg/cm2. 

According to McKirahan (1921, 8) the potassium may also be released by 
heating felspar with calcium fluoride. It evaporates from the mixture as a fluoride, 
and can be recovered. 

Dillner and StAalhane (1937, 9) also experimented with the preparation of 
potassium fertilizers from felspar by heating it with crude phosphate whereby the 
product also contained the phosphorous essential for the plants. In their experiments, 
they used high temperatures, usually above 1000°C, so that the mixture clinkered. 
However, it was found necessary to add soda and chalk to the mixture in order to 
make the decomposition proceed in the way expected. 

In all the methods described above either very great heat or considerable pressure 
have to be employed and consequently the product is costly. In the Tomula 
method in particular, it must be stated that in addition to the long heating period, an 
abundance of chemicals must be used which dilute the potassium content to such an 
extent that even Tomula himself stated that the fertilizer hardly met the trans- 
portation costs. However, the most questionable feature in the experiments is that 
the solubility of the potash-felspar decreased quickly as the proportions were in- 
creased. A mixture containing 100 mg felspar dissolved easily, 1g felspar was 
definitely less soluble and 10 g felspar dissolved so poorly that the result could no 
longer be considered satisfactory. 

When the author began the planning of a method to decompose potash-felspar, the 
Starting point was that no external heating, high pressure or any other expensive 
method of working should be employed. The second requirement was the avoidance 
of unnecessary chemicals which would lower the value of the product. In the con- 
sideration of the various possibilities, the attention was directed to the hydrogen 
fluoride liberated when superphosphate is made. It is easy to calculate that if crude 
phosphate contains 3.5 %F, and the reaction proceeds stoichiometrically so that in 
the presence of a strong mineral acid the K and Al of the KAISigOg of the potash- 
felspar combine with the acid, forming salts, and the Si is converced into silicotetra - 
fluoride, the amount of crude phosphate to be mixed with potash-felspar should be 
more than twenty times that of the felspar. The best theoretical result is so poor, that 
in all probability the many who have made the calculation have abandoned any 
further thought of the matter. However, when the preliminary experiments gave 
results which exceeded by three times the possible theoretical limit, and it looked as 
if the fluorine would start a circulation process, the author ventured to give the matter 
more detailed study. The first series of experiments were carried out together with 
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Miss Helena Viikamo (Dipl.Eng.). Even though the results in this series were 
rather poor, it was possible to calculate the equations of the reaction kinetics which 
govern the mechanism of the circulation process, and thus find the key to the practi- 
cal solution. For this reason these experiments will be described more thoroghly. 

Potash-felspar KAISigOg is met with as triclinic microcline and as monoclinic 
orthoclase. In general, the potash-felspar of pegmatites is microcline. Even to the 
naked eye, some narrow light pertite streaks, which are albite NaAlSigOg, are 
noticeable in it. Theoretically, potash-felspar contains 17 % KgO, but because of 
the pertite the microcline available for technical purposes contains only 10 -- 15 % 
KoO. In rapakivi, the orthoclase occurs as ovoids sized an inch or so in diameter, or 
even bigger, surrounded by oligoclase. (Albite and anortite CaAloSigOg form a series 
of isomorphous solid solutions. Plagioclase containing c. 80% albite is known as 
oligoclase). In the experiments, two kinds of rapakivi felspar were used, which 
apparently originated in boulders from the Wiipuri rapakivi. Felspar I was of un- 
weathered rock. It contained 13.4% Kg 90, and its degree of fineness was 
51 %/200 mesh. Felspar II was taken from weathered rock. It contained 10,2 % KgO 
and its fineness was 54 %/200 mesh. In addition, pegmatite felspar of Alavus was 
used with a content of 10.7 % of KO, and a degree of fineness of 61 %/200 mesh. 
As the source of fluorine, concentrate of Russian apatite was used and also Morocco 
and Gafsa phosphate. 

In the experiments, one gram of felspar was mixed with a varying quantity of 
apatite or crude phosphate, and sulphuric acid or nitric acid, and the mash was left 
standing in an open alkaten bag in a decanter. Several mixtures were prepared simul- 
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taneously, and usually they were analysed in pairs after a definite number of days. 
The soluble potassium was determined according to Sutton, by precipitation with 
cobolt nitrate and titration. Subsequently, potassium was also determined by a flame 
photometric method. The dissolving process of felspar takes several weeks, corre - 
sponding approximately to the maturing time of superphosphate. 

In Fig. 1, apatite is compared with other fluorine furnishing substances. The 
mixture contained one g felspar I, 2.5 g apatite and 5 ml 75 % sulphuric acid. In 
the other experiments, the apatite was replaced by calcium fluoride or crude phos- 
phate, so that the amount of fluorine was the same in all mixtures. As is shown in 
the figure, all the other fluorine bearing substances give results which correspond 
with the stoichiometric theory. Only apatite results in a considerably better solubility. 
All subsequent investigations were carried out with apatite alone. 

In Figure 2 there has been made a comparison between different felspars. In other 
respects, the mixture was equivalent to the one in Fig.1. It is clearly noticeable 
that the rapakivi felspars dissolve appreciably more readily than does the pegmatite 
felspar. This occurred in all the numerous experiments carried out later in which 
use was made of rapakivi and pegmatite felspars of different origin. In Figures 3 and 
4, a comparison has been made between the effects of sulphuric and nitric acid. No 
essential difference was observed. 

Attempts were made to change the experimental conditions, but at first the results 
remained unsatisfactory. Although amounts of only 1g of felspar were used, the 
solubility percentage was a scant 40. The reason for this poor result became appar- 
rent by study of reaction kinetics. 


The following symbols are used: 


x 
Xo 
y 
Yo 
t 
a 
B 
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The evaporation of fluorine corresponds to the following differential equation: 


= the 
= the 
= the 
= the 


By integration, 


amount of fluorine in the mash 
original amount of fluorine 
disintegrated felspar 

original amount of felspar 


= time 

= a constant 

= a constant 

= the amount of the mixture 

= radius of the mass of the mixture 


there is obtained: 


a 
=X, e 


We presume that the velocity of the decomposition of felspar is directly proportional 
to the amount of fluorine and to the unaltered felspar remaining: 


dy = Blyg- y) xdt 


Into this differential equation, there is inserted the above calculated fluorine as a 
function of time: 


By integration: 
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When time t is oo, the largest possible quantity of decomposition is achieved. The 
equation gets the following form: 


r 


(2) Yan * 2+ 7 


In Figures 5, 6 and 7, the experi- 
mental results have been compared with h 
the theoretically calculated curve. The 
ratio of the constants @ : B can be lo 
calculated when the horizontal asymp- 
tote of the curve is known. From the T 
ratio, each constant can be calculated 40 
individually when one single point on 
the curved part of the curve is known. 1 
From the Figures it is apparent that zo} 
when each point has been obtained 
through the study of a mixture left 
standing by itself, the velocity of de- ¢ — — 
composition corresponds quite well with 
theory. To confirm the theory, an in- 
vestigation was made as to how a Fig. 7. 
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change in the quantity of apatite would affect the final result. In the equation, the 
linear quantity r is replaced by the cube root of its mass a, and we obtain: 


(3) Ymax = 


3 


In all the previous equations, the constants refer to a mixture in which the ratio 
of felspar to apatite is = 1:2.5. If b gram apatite is used per gram of felspar, the 


following equation is obtained: 
3 
35 b_)\/1+b 
2.5 ‘1+b 3.5 5 


Ymax =Yol 


In Fig.8, this curve has been compared with the experimental results. The abscissa 
2.5 coalesces with the curve, because the curve has been calculated by employment 
of those values of the constants obtained by study of the decomposition of the mixture 
as a function of time. As the asymptote can easily be evaluated from a curve of this 
kind, but the points corresponding to other proportions in the mixture represent only 
analysed quantities of decomposition from mixtures left standing for a certain time, 
all the other points must lie somewhat below the curve. This fact is easily verified. 
On the whole, the experimental results well correspond with theory. 
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In the formula, the variable is the size of portion a. The larger the batch of 
mixture left to stand, the larger is the proportion of felspar decomposed. This is due 
to the fact that the fluorine evaporates more slowly from a larger heap, and thus the 
circulation process is carried further. Fig.9 shows that in this respect also experience 
corresponds with theory. As an abscissa there is taken the logarithm of the quantity 
of felspar in grams. The theoretical curve is a uniform line. It is calculated ac- 
cording to formula 1, whereby the ordinates do not correspond with the plane of the 
horizontal asymptotes, but with the results of decomposition achieved in time t. As 
the standing time in the experiments varied somewhat, some irregularities were oc- 
casioned in the theoretical picture. When a mixture containing 1 kg felspar was 
used, the final result was 89.8%, corresponding fairly closely with the theoretical 
result arrived at by calculation of the kinetics of mixtures containing 1 g felspar. 
Although the points between the curve differ to some extent from theory, the general 
course of events, the increase in solubility when the portion is increased, is obvious. 
Subsequently Miss Viikamo, has elsewhere confirmed that as a rule the above 
statement is valid. 

In Figures 10, 11, 12 and 13 the theoretical curves representing the kinetics of 
the decomposition of felspar are presented there. The proportions of felspar : apatite 
were 1:1 and 1:2.5. Feispar, having constants @ = 0.12 and f = 0.06, is a typical 
orthoclase. Again constants @ = 0.145 and B =0.04 are characteristic of microline. 
In each example, the velocity of decomposition has been calculated for quantities of 
1, 10, 100 and 1000 g felspar. In all of the figures, the first-mentioned is represented 
by the lowest, and the lastmentioned by the topmost curve. The abscissa is the time 
in days, and the ordinate the decomposed quantity. On examination of the figures, it 
is noticeable that when one works with large quantities of rapakivi felspar, the 
mixture proportion of 1:1 should still give a satisfactory decomposition percentage. 
On the contrary, microcline demands a richer mixture. Before the method is applied 
to industry, the constants a@ & § should be determined from a sufficient number of 
felspar samples in order to find the most suitable raw material. 

When rapakivi is weathered, a “moro” is formed in which the orthoclase ovoids 
surrounded by oligoclase are practically indissoluble. Probably this sifted material 
would constitute the best basis for making potassium salts. The ovoids should be 
treated in a revolving drum for as long as had been found necessary by experience 
in order to get the plagioclase shells worn off. The orthoclase cores remaining should 
then be finely ground, and the felspar concentrated through flotation to a high per- 
centage product. 

If the aim were only that of making felspar soluble, the task could be regarded as 
solved on a laboratory scale. When making superphosphate, felspar should be mixed 
into the apatite before the addition of acid, and the mash left standing to mature. 
However, as the present-day tendency is that of getting richer fertilizers than super- 
phosphate, the presence of useless substances in felspar is obviously a disadvantage. 
Some means should be found to recover the valuable aluminium compounds, which 
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in addition only lower the solubility of phosphoric acid. An attempt should also be 
made to separate from the apatite the rare earth metals of which nowadays approxi- 
mately 1000 tons are annually spread on Finnish fields. 

The study of this question was begun with Miss Liisa Kollanen, (Dipl. Eng..,) 
and we arrived at an industrial scheme as represented in Fig.14. The figures given 
are actual results arrived at in the laboratory. Many phases can be improved by means 
of detailed investigation. The felspar employed contained only 10.2% KyO. The 
proportion, felspar : apatite : 68 % HNO, was = 1:2.5:5 and was also poorer than what 
can be attained when working on a large scale. One can thus expect that as regards 
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the potassium, results twice or three times as good as those presented in the scheme 
should be obtainable. All the quantities are calculated per 100 kg felspar. 

After the maturing time, 458 kg of solid substance is separated from the mass 
by slinging, 348 kg of this being calcium nitrate, and 74 kg insoluble matter, mainly 
silica. Because of the silica, the product has lost its hygroscopic characteristics. 
Owing to isomorphism, potassium and aluminium do not get into the calcium nitrate 
precipitation to any extent worth mentioning, the ionic radius of each of them 
being considerably less than that of calcium. 

The excess of nitric acid is evaporated from the filtrate; it is then diluted with 
water and heated. In the precipitation thus obtained, 85 % are to be found of the rare 
earth metals in the liquid. The concentration is so effective that the precipitation 
contains 80 % of the phosphates of the rare earth metals (49 % oxides). Contrary to 
expectations, the Al almost entirely remains in the solution, because, if the phos- 
phates of iron, aluminium, rare earth metals and calcium are dissolved in hydro- 
chloric or nitric acid, and the solution is neutralized drop by drop, iron and alu- 
minium are first precipitated close to each other, then the rare earth metals, and 
ultimately and distinctly later the calcium. In the summer of 1956 it was determined 
that if the solution contains, in addition to the rare earth metals, a certain amount 
of free phosphoric acid, a complex phosphate is formed which shows poor solubility 
even to mineral acids. If there is too much or too little free phosphoric acid, there 
is precipitation which is hard to dissolve. The mixture proportions presented in the 
industrial scheme correspond with the most favourable conditions for the obtaining 
of the very poorly soluble lanthanid phosphate. On comparison of pure lanthanum, 
yttrium and a lanthanid mixture, the observation was made that they behaved in 
the same way. 

After the lanthanid precipitation has been separated, the acid of the liquid is 
changed by pouring concentrated sulphuric acid into the boiling liquid. When the 
sulphuric acid is poured as a fine stream, it causes a strong reaction, which brings 
the liquid into a state of boiling, but does not cause any bouncing. As a result of the 
heat caused by the reaction, the greater part of the nitric acid is distilled off. At the 
same time, the solution becomes more concentrated. The main part of the calcium 
is precipitated as very fine crystals of snowwhite gypsum. The gypsum precipitating 
in hot solution is easily separated from the liquid. As gypsum is less soluble in hot 
than cold water, it does not precipitate on the walls of the container. As a whole, it 
is less dangerous to add sulphuric acid to hot than to cold water, because even on a 
laboratory scale it is very awkward to boil a very strongly acid solution containing 
gypsum. Unfortunately we were not able at this stage to distil off the nitric acid 
sufficiently thoroughly, and thus its content in the final potassium fertilizer is 
disproportionately high. 

After the gypsum has been separated, sufficient ammonium hydroxide is added 
to the remaining solution to make the pH of the liquid 4,5 after the hydrolysis. The 
aluminium is now totally precipitated. This precipitation contains the remaining 
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calcium, the lanthanids and additionally the iron and titanium. With the help of 
separan the precipitation can be made filterable. The Al is separated from these by 
dissolving it in sodium hydroxide. The solution containing sodium aluminate and 
phosphate is chilled to 0°C at which trisodium phosphate crystallizes fairly free of 
aluminium. Only 1.3% is left of the phosphoric acid present in the solution before 
the crystallization. By the employment of calcium hydroxide, trisodium phosphate 
can be changed into dicalcium phosphate, which is a valuable phosphate fertilizer. 
At the same time, half of the employed sodium hydroxide is regenerated for further 
use. A quantity of 35 kg calcium phosphate is obtained. 

The remaining small quantity of phosphoric acid is eliminated by means of 
calcium hydroxide from the sodium aluminate solution. If the crystallization stage 
were omitted, and if one tried to precipitate the phosphoric acid directly with chalk, 
the precipitation would be so large that it would hold back most of the aluminium. 
Owing to this, a selective crystallization phase is necessary. The aluminium is 
precipitated after the elimination of the phosphoric acid by means of leading carbon 
dioxide into the liquid. Then the Al precipitates as a sandlike hydroxide which is 
very easily filtered, and which dissolves readily in diluted sulphuric acid. The alu- 
minium sulphate obtained contains only one seventh of the iron which is considered 
to be the minimum for ironfree aluminium sulphate. The filtrate is sodium carbonate. 
It depends upon the markets whether it is more advantageous to evaporate it to 
dryness and sell it as soda, or to make sodium hydroxide of it with chalk, and redirect 
it to the process. 11.5 kg is obtained of aluminium oxide. 

In an earlier phase of the scheme, after the precipitation of the aluminium, a 
filtrate is left which contains practically all the potassium which has passed into 
solution. Its dry matter content is close to 50 %. When the liquid is evaporated to 
dryness, 186 kg of material is obtained, with the following composition: 


54 
KO 5.2% 
24.2% 
NH3 16.6 % 


This substance is not hygroscopic. We have earlier pointed out that if we use richer 
felspar than those used in the experiments mentioned, we get an increase in the 
potassium content. By using less apatite in the original mixture, we also get a rise 
in the potassium content, and a decrease in the phosphoric acid. At the same time, 
the quantity of ammonium needed is lowered. As regards the decomposition of 
felspar, the theoretical limit in the ratio of felspar:apatite is 1:1 in the best instance. 
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As the whole industrial scheme described above is based upon the fact that in the 
precipitation of aluminium an excess of phosphoric acid is present, it must be 
pointed out that in this respect the theoretical limit for the ratio of felspar: apatite 
is 3:2; consequently the proportion 1:1 is still fully possible. The quantity of nitric 
acid employed can surely be decreased by detailed study of the factors connected 
with the change of the acid. 

The author received a grant from Suomen Kulttuurirahasto in order to carry out 
this work. 
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